The relationship between the wear of three composite resins and the hardness of the abrasive was studied by a two-body abrasion test. The wear rates of the composites increased linearly with abrasive hardness from 530 to 2080 KHN. Measurement of the slope of the wear rate versus abrasive hardness over this range provided a sensitive method for ranking the composites.
Introduction.
Loss of anatomic form or wear has been documented as a contraindication for the routine use of Class II composite resin restorationsl. The wear of various commercial restorative resins and amalgam has been measured in vitro by a two-body abrasion test that used silicon carbide paper as the surface on which samples were abraded2. Rankings obtained from this test appeared to correlate with the one-year data of Leinfelder and his associates3. The sensitivity of the two-body abrasion test, however, might be improved by the use of abrasives lower in hardness than silicon carbide.
The purpose of this study was to measure the wear of three commercial composite restorative materials by a two-body abrasion test in which five abrasives with different values of Knoop bers, and manufacturers of the composites are given in Table 1 .
The composites were mixed according to manufacturer's instructions, and cylindrical specimens (6mm in diameter by 12mm long) were made in stainless steel dies and stored in water at 37 C for 24 hours before testing. Each specimen was held stationary in a jig under a normal load of 5 N (a stress of 0.18 MPa). Abrasion was caused by an abrasive sheet attached to the table of a surface grinder. Each specimen was abraded at a speed of 0.25 cm/sec for a distance of 10 m with each pass of 25 cm made on a fresh abrasive surface. The rubbing surfaces were continually flushed with distilled water at room temperature (25 C) to remove wear debris.
Codes, batch numbers and manufacturers of the abrasives used are listed in Table 1 . These abrasives were selected to cover the Knoop hardness range from 530 KHN (CV) to 2480 KHN (SC). Particle size distribution and the median particle size of abrasive powders were determined using a particle size analyzer* by detection of sedimentation rates of particles in a slurry by a finely collimated beam of low energy x-rays. These non-porous particles were further characterized with respect to the void volume and surface area by mercury porosimetry.t True densities of the abrasives were determined by an automatic pycnometer § using helium. The abrasive powders then were attached to paper or plastic sheets as described in Table 1 .
Six replications were obtained for each material with each of the five abrasives. Wear was determined by measurement of the change in length of the specimen with a micrometer accurate to 0.001 mm. The data were reported as volume loss per unit Results.
Particle size distributions of the abrasive powders are shown in Figure 1 . All of the powders except Q had distributions where 98 percent of the particles were smaller than 26 ,im. The shapes of the abrasive particles are shown in scanning electron photomicrographs in Figure 2 . Values of hardness and other physical properties of the abrasives are listed in Table 2 .
The wear rates determined for the three composite resins on the five abrasive sheets are listed in Table 3 and are plotted versus Knoop hardness of the abrasive in Figure 3 
Discussion.
The ratio of the wear rate of the three composites (S:AR:A) as measured on the silicon carbide abrasive was 1.98:1.14:1.00. The ratio of the slope of wear rate versus abrasive hardness (S:AR:A) over the range of 530 to 2080 KHN was 4.78:1.74:1.00. Although both methods rank the composites tested in the same order, the latter method where the slope of wear rate versus abrasive hardness is measured is Inmore sensitive. In this study it was assumed that hardness was the most important difference among the abrasives in their ability to cause wear. The change in slope of wear rate versus Knoop hardness of the abrasive (indicated in Figure 3 by the dashed line) may have been caused by a dramatic change in the mode of surface failure of the composites when the hardness of the abrasive increased from 2080 to 2480 KHN. A second explanation may be that the density 
Conclusions.
The relationship between the wear of three commercial composites and the hardness of the abrasive over a range from 530 to 2480 KHN was studied by a twobody abrasion test. The wear rates of the composites increased linearly with abrasive hardness from 530 to 2080 KHN but then increased dramatically when a silicon carbide abrasive (2480 KHN) was used. The addition of glass to the quartz filler reduced the resistance of the composites to two-body abrasion in a linear fashion. Ranking the wear of composites by measuring the slope of the wear rate versus abrasive hardness curve over a range of abrasive hardness from 530 to 2080 KHN appears to be more sensitive than compan'son of wear rates measured on silicon carbide abrasive alone. 
